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Previous studies recording eye gaze during face perception have rendered somewhat inconclusive 
findings with respect to fixation differences between familiar and unfamiliar faces. This can be 
attributed to a number of factors that differ across studies: the type and extent of familiarity 
with the faces presented, the definition of areas of interest subject to analyses, as well as a 
lack of consideration for the time course of scan patterns. Here we sought to address these 
issues by recording fixations in a recognition task with personally familiar and unfamiliar faces. 
After a first common fixation on a central superior location of the face in between features, 
suggesting initial holistic encoding, and a subsequent left eye bias, local features were focused 
and explored more for familiar than unfamiliar faces. Although the number of fixations did not 
differ for un-/familiar faces, the locations of fixations began to differ before familiarity decisions 
were provided.  This suggests that in the context of familiarity decisions without time constraints, 
differences in processing familiar and unfamiliar faces arise relatively early – immediately upon 
initiation of the first fixation to identity-specific information – and that the local features of familiar 
faces are processed more than those of unfamiliar faces.
Keywords: face recognition, eye movements, personal familiarity
Edited by:
Tom Hartley, University of York, UK
Reviewed by:
Guillaume A. Rousselet, University of 
Glasgow, UK
Gudrun Schwarzer, University of 
Giessen, Germany
*Correspondence:
Meike Ramon, Unite Cognition et 
Dévelopment, Université Catholique 
de Louvain, 10 Place du Cardinal 
Mercier, 1348 Louvain-la-Neuve, 
Belgium.  
e-mail: meike.ramon@uclouvain.be
†Goedele van Belle and Meike Ramon 
contributed equally to this work.
to the sampling of internal features (proportion of fixations, gaze 
duration). However, their study involved a very coarse definition 
of “internal features”, which comprised a single region encompass-
ing the eyes, nose and mouth, a factor which may account for the 
fact that their observations are at odds with the findings reported 
by Althoff and Cohen (1999). These authors found that, when 
considering the viewing prior to responses provided in a fame 
decision task, famous faces were associated with less fixations and 
less regions sampled overall, as well as less fixations on internal 
features. The results of Barton et al. (2006) support these early 
findings, in that famous faces were associated with less fixations 
and shorter scanning duration than unfamiliar ones (which elic-
ited more fixations on the eyes/nose).
However, in a recent study, Hsiao and Cottrell (2008) demon-
strated that face recognition (i.e. deciding whether a face has been 
previously seen, or is novel) could be achieved within only one or 
two fixations. In their study, participants were familiarized (5-s 
exposure per face) with a subset of faces, which were subsequently 
presented in an old/new paradigm. The amount of fixations was 
explicitly manipulated by removing the stimulus after a predefined 
number of fixations. They found that performance did not increase 
any further if observers were allowed to make more than two fixa-
tions. Investigation of the fixation pattern showed that these first 
two fixations were usually located around the top of the nose (see 
also Orban de Xivry et al., 2008). This initial central location, in 
between features, suggests that familiarity decisions are based on 
an appreciation of the face as a whole, rather than detailed local 
facial information. Indeed, a brain-damaged prosopagnosic patient 
who is impaired at holistic processing (Ramon et al., 2010; van Belle 
et al., 2010) rather focused on each facial feature in an analytical 
way in order to perform a face identification task (Orban de Xivry 
IntroductIon
Recognizing whether a face belongs to a familiar person is an 
important skill for social behavior. It is, however, still not well 
known which information human observers use to decide upon 
familiarity of a face. A common instrument for investigating which 
information is used to process a visual stimulus is the registra-
tion of eye movements (Just and Carpenter, 1976; Goldberg and 
Wichansky, 2003). Given the inverse relationship between the size of 
a visual region and the quality of information provided when mov-
ing from foveal to peripheral vision (Larson and Loschky, 2009), 
observers’ eye movements are functional in that they allow detailed 
representation of critical information (Desimone and Duncan, 
1995; Egeth and Yantis, 1997). These eye movements involve an 
alternation between stable gaze positions or fixations, in which 
the retinal input is processed and the position of the next fixation 
is determined, and fast movements of the gaze between two fixa-
tion positions (Rayner, 1998). Fixation positions are thought to be 
determined by both the stimulus characteristics and the top-down 
task requirements (Dodge, 1903; Westheimer, 1954; Yarbus, 1957; 
Robinson, 1964; Posner, 1980).
In several studies, eye movement recordings have been used 
to investigate whether there is a difference between the scan pat-
terns for familiar or unfamiliar faces. These studies have usually 
rendered contradictory results with respect to the influence of 
familiarity on fixation patterns, with some reporting comparable 
fixation patterns on facial features for famous and unfamiliar faces 
(e.g., Stacey et al., 2005), and others suggesting that prior familiari-
zation renders different patterns of fixations (Althoff and Cohen, 
1999; Barton et al., 2006; Heisz and Shore, 2008). For instance, 
Stacey et al. (2005) concluded that when old-new decisions were 
required, famous and unfamiliar faces did not differ with respect Frontiers in Psychology  |  Cognitive Science    June 2010  | Volume 1  | Article 20  |  2
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location. Subtle differences in defining the borders of the areas 
of interest might also artificially cause differences between the 
scan patterns in different studies, sometimes leading to conflict-
ing conclusions.
Given these considerations, the present short study was designed 
to investigate the influence of familiarity on fixation behavior with 
(a) personally familiar or unfamiliar faces, while (b) analyzing the 
time-course of fixation, and (c) analyzing fixation locations with 
higher precision (i.e. without predefined facial areas of interest) 
than has been done in most previous studies. We recorded partici-
pants’ eye movements while they engaged in a face recognition task, 
which required manual familiar/unfamiliar decisions. We scruti-
nized potential differences in scan patterns for personally familiar as 
compared to unfamiliar faces in terms of location and duration for 
each fixation before participants reached a decision. Previous find-
ings indicate that two fixations are sufficient for old-new decisions 
(Hsiao and Cottrell, 2008), although familiarity decisions under free 
viewing conditions have been associated with a far greater number 
of fixations. For this reason, across the sequence of saccades, we were 
interested in investigating potential differences in scanning (un)
familiar faces, which could occur as early as the second fixation.
MaterIals and Methods
 PartIcIPants
Eleven students (three males) out of a group of about 30 students 
of the Université catholique de Louvain agreed to participate in the 
experiment. The group graduated together in 2009 (Master degree 
in Psychology) and all had been in the same classroom as a small 
group for about 2 years at the time of testing. Their age ranged 
from 22 to 24 years, they were all right handed and had normal, 
or corrected to normal vision. They were financially compensated 
for their participation. The experiments were undertaken with 
the understanding and written consent of each subject; the study 
conforms to The Code of Ethics of the World Medical Association 
(Declaration of Helsinki).
 stIMulI
Full-front photographs of 26 students from the participants’ class 
were taken to obtain the set of personally familiar face stimuli. The 
photographs of five male and one female student were excluded 
from the final set of familiar faces used, due to the presence of 
facial hair or make-up at the time the photographs were taken. The 
remaining 20 face stimuli were cropped of external features and hair 
using Adobe Photoshop. The use of cropped stimuli was favored 
over uncropped ones, as the presence of hair would have led greater 
variability in external information in the average face towards which 
participants were instructed to saccade (see below). Furthermore, 
previous investigations using uncropped faces indicate that the 
majority of fixations are located within the face (Althoff and Cohen, 
1999; Blais et al., 2008). Note that the only systematic investigation 
of the effect of experimental familiarization known to us also used 
cropped faces (Heisz and Shore, 2008), and that these were even 
more homogenous than ours, which were cropped based on the 
individual contours and not for instance by means of a generic 
oval shape (see Figure 1).
Participants were presented with these 20 familiar and an equal 
amount of unfamiliar faces (matched for eye color and average luminos-
ity) chosen from a larger database of faces. Importantly,   photographs 
et al., 2008). Hsiao and Cottrell (2008) did not report any differ-
ence between the location of the first fixations for familiar(ized) 
and unfamiliar faces.
There are several reasons that may explain the rather discrepant 
observations about the pattern of eye gaze fixations for familiar and 
unfamiliar faces outlined above.
First, one of the possible reasons why the scan patterns for famil-
iar and unfamiliar faces differ across studies might be due to dif-
ferences considering the definition of “familiar”. In some studies, 
famous faces are used as familiar faces (e.g. Althoff and Cohen, 
1999; Stacey et al., 2005; Barton et al., 2006), while in other stud-
ies photographs of unfamiliar face stimuli are familiarized (e.g. 
Henderson et al., 2005; Heisz and Shore, 2008). When familiarized 
faces are used, identical images are generally used in learning and 
recognition stages in these studies (see also e.g. Blais et al., 2008). 
Hence, eye gaze fixations may be driven by pictorial, rather than face 
identity cues. The same problem may arise for pictures of famous 
faces, given that the face photographs of famous faces used are often 
taken from magazines or from the web and have become typical, 
“iconic”, pictures of famous people, who can be recognized based 
on the particular pose they have on a given photograph (i.e., the 
iconic photographs of Marylin Monroe, or Che Guevara). In fact, it 
has been suggested that recognizing these pictures of famous faces 
does not call upon normal face recognition processes as compared 
to the recognition of personally familiar faces (Tong and Nakayama, 
1999; Knappmeyer et al., 2003; Carbon, 2008). Also using identi-
cal images across face learning sessions, Heisz and Shore (2008) 
showed that differences in fixation patterns occur only after at least 
four exposures (on consecutive days) to experimentally familiar-
ized faces. It is unclear whether this observation would still hold 
when comparing unfamiliar with personally familiar faces, which 
have been learned extensively in real life situations under various 
viewing conditions and involving multiple views.
A second reason why the scan patterns for familiar and unfa-
miliar faces may differ across studies is that of the time course of 
analysis. While Hsiao and Cottrell (2008) did not report any differ-
ence between familiarized and unfamiliar face photographs, they 
concentrated on the first two fixations, which were largely sufficient 
for fast old/new decisions. In contrast, other studies reported dif-
ferent patterns of fixations for familiar (famous or familiarized) 
and unfamiliar faces over several seconds, but without providing 
details about the time-course of eye movement exploration (Althoff 
and Cohen, 1999; Barton et al., 2006). The question of whether the 
early and subsequent fixations on faces may differ depending on 
familiarity thus remains unclear.
Finally, in most of these studies, fixation locations were ana-
lyzed using predefined areas of interest (e. g. Henderson et al., 
2005; Barton et al., 2006; Stacey et al., 2005), which were rather 
large, and corresponded roughly to the regions of major internal 
facial features such as the eyes, nose and mouth. However, recent 
studies rather suggest that during face recognition tasks fixations 
on full frontal faces are also preferentially located between fea-
tures, for instance in between and below the eyes (Blais et al., 2008; 
Hsiao and Cottrell, 2008; Orban de Xivry et al., 2008; Bindemann 
et al., 2009). Predefining areas of interest might therefore mask 
important  information  about  potential  differential  scan  pat-
terns for familiar and unfamiliar faces by reducing the fixation 
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have been preferable had every face been presented four times each 
(with face or fixation at every possible location). However, we inten-
tionally refrained from presenting the (relatively small sample of) 
stimuli multiple times, because unfamiliar faces may have become 
more familiar, reducing differences between familiar and unfamiliar 
faces. In light of this, varying the location of fixation/faces may have 
introduced more noise. Importantly, any stereotypical sequences of 
saccades due to the fixed location would have applied to both groups 
of faces. As we were particularly interested in differences between 
these stimulus groups, contrasting conditions would have nullified 
any such bias, the potential presence of which we therefore do not 
consider an important issue with respect to our conclusions.
Prior to the actual experiment, participants performed eight 
practice  trials  with  famous  and  unknown  faces  to  become 
acquainted with the procedure. Upon completion of these practice 
trials (excluded from analysis), participants completed the actual 
experiment, which involved 80 trials (each of the 20 familiar/unfa-
miliar faces was presented twice).
 analyses
Participants’ accuracy and response times were recorded along with 
their scan patterns while performing the manual familiarity deci-
sion task, and were analyzed to investigate whether performance 
would differ depending on stimulus type presented1.
Heat maps were constructed with the Z-values of the relative 
number of fixations on a given position in the screen for each fixa-
tion and condition separately. In order to create these heatmaps, 
first, a matrix of zeros encompassing the size of the face stimulus was 
created. For a fixation on a certain pixel, one was added to the value 
in the matrix on the position of that pixel. Then, to account for the 
larger region that is processed during fixation of a certain position, 
of all face stimuli used were taken under exactly the same conditions 
(distance, lighting), so that any differences, e.g. in size, reflect natural 
variations between individuals’ faces. Examples of familiar and cor-
responding unfamiliar faces are provided in Figure 1; permission for 
publication was obtained from all individuals depicted.
 aPParatus
The stimuli were displayed using Presentation software, on a 22” Sony 
Trinitron monitor at a viewing distance of 58 cm with a spatial reso-
lution of 1400 by 1050 pixels and a refresh rate of 85 Hz. The height 
of the faces comprised 12° of visual angle. This roughly corresponds 
to the size of a real face viewed from a normal conversation distance 
(Hall, 1966) of 90 cm. Both stimulus display and response registra-
tion were handled by an Intel Centrino vPro. Eye movements were 
registered with an SR Research Eyelink 1000 remote eye tracker at a 
sampling rate of 250 Hz and with gaze position error smaller than 
0.5°. Head movement was restricted by a chin and head rest.
 Procedure
The basic procedure is illustrated in Figure 2. On each trial, a drift 
correction with a central fixation cross was followed by a fixation 
cross on the right of a gray-scale blurred face, consisting of the average 
of all faces, indicating the position of the stimulus. Participants were 
instructed to fixate the fixation cross, causing its disappearance, and 
then to saccade to an average, blurred face. From the moment the par-
ticipant fixated this blurred average face, it changed into the colored 
individual face to be recognized. The task was to indicate whether the 
face was familiar or not, by pressing a right or left key, respectively; 
half of the trials involved presentation of personally familiar face 
stimuli. The participant could freely explore the face for a maximum 
time of 1500 ms. Stimuli disappeared when participants provided 
manual response, or after the maximum viewing duration.
Note that for a number of reasons in the present investigation the 
location of the fixation cross was not counterbalanced as was the case 
in e.g. Blais et al. (2008). On the one hand, although in the literature 
different methods are used, the locations of first fixations reported 
are similar (see e.g. Blais et al., 2008; Hsiao and Cottrell, 2008). 
Randomizing the location of the stimuli or fixation cross would 
Figure 1 | examples of familiar and corresponding unfamiliar face stimuli. Familiar and unfamiliar faces (average height: 430 pixels) did not differ in terms of 
inter-ocular distance, or distance between the center of the screen and the (a) center of the eyes, (b) tip of the nose, (c) center of the mouth (see Table 1).
1This preference for the left side of the face may be related to the right hemisphe-
re dominance in attentional processes (see e.g. Heilman and Van Den Abell, 1980; 
Gitelman et al., 1999; Mesulam, 1999; Fink and Heide, 2004), global as compared 
to local processing (Ellison, et al., 2004), face perception in general (e.g., Hecaen 
and Angeöergues, 1962; Perrett et al., 1988; Sergent et al., 1992; Zangenehpour and 
Chaudhuri, 2005), or holistic processing of both unfamiliar and familiar faces (e.g., 
Parkin and Williamson, 1987; Hillger and Koenig, 1991; Schiltz and Rossion, 2006).Frontiers in Psychology  |  Cognitive Science    June 2010  | Volume 1  | Article 20  |  4
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fixation positions were smoothed using a Gaussian filter with a sigma 
of 15 pixels (=0.5°). Only fixations for trials in which participants 
responded correctly were included. The heat maps were created by 
standard-normalizing the smoothed values in the matrix using the 
overall mean and standard deviation of the matrix of pixels. The 
cluster test proposed by Chauvin et al. (2005) and also used by e.g. 
Blais et al. (2008) was used for the statistical analysis of the difference 
between the heat maps of familiar and unfamiliar faces. To this end, 
pixel-wise t-tests were conducted. For each pixel in the matrix, the 
t-value of the difference between the familiar and unfamiliar faces 
was calculated. Significance of a pixel at the 0.05 level was deter-
mined, based on the initial smoothing factor, the size of the cluster 
to which it belonged, and the t-value of the pixel itself.
results
As evident from the high accuracy score (average correct responses: 
96%), participants readily distinguished their classmates’ faces from 
unfamiliar ones despite the absence of extra-facial features. Table 2 
summarizes the behavioral findings and the respective statistics. The 
average response time did not differ significantly across conditions.
The average number of gaze fixations (prior to manual response) 
made for familiar and unfamiliar face trials did not differ signifi-
cantly. The distribution of the number of fixations before partici-
pants’ response is shown in Figure 3. For the large majority (93%) 
of the trials with a correct response, 3–6 fixations were sufficient. As 
illustrated in Figure 4, accuracy was not correlated with the number 
of fixations on a given trial (r = 0.0058, p = 0.29).
An ANOVA with “fixation rank” (i.e. their position throughout 
the sequence of all fixations made on a given trial) and familiarity 
as the independent variables was conducted in order to investigate 
their effect on fixation duration. After applying a Bonferroni cor-
rection for multiple comparisons in light of the increased prob-
Figure 2 | experimental design. After drift correction, participants were presented a fixation cross on the right side of the screen along with an average face, 
which was replaced by a stimulus upon gaze allocation on the facial area.
Table 1 | results of analyses of differences in facial feature positions 
(measured in pixels) between familiar and unfamiliar face stimuli (df = 38).
  Confidence   
  interval
  t value  p value  low  high  std
Inter-ocular distance  1.27  0.21  −4.62  20.02  19
Center of the eyes  0.08  0.93  −14.60  15.85  24
Center of the nose  0.69  0.49  −13.32  27 .12  32
Center of the mouth  0.70  0.49  −10.65  21.85  25
Table 2 | Mean response time, number of fixations, fixation duration and respective confidence intervals (Ci) for familiar and unfamiliar face stimuli, 
as well as statistics for comparisons of conditions for each measure.
  Familiar faces mean [Ci]  unfamiliar faces mean [Ci]  Difference [Ci]  Statistics
Response time  815 [687 , 943]  930 [768, 1091]  115 [71, 162]  t(10) = 2.04, p = 0.055
Number of fixations  4.45 [3.77 , 5.12]  4.47 [3.85, 5.09]  −0.02 [−0.20, 0.19]  t(10) = 0.11, p = 0.69
Fixation duration  275 [194, 357]  278 [200, 357]  3 [−28, 34]  F(1,10) = 0.18, p = 0.68
ability of Type I error(s) (Familywise Error Rate), no significant 
main effects were observed (fixation rank: F(4,40) = 2.49, p = 0.12; 
familiarity: F(1,10) = 0.18, ns), and there was no significant interac-
tion between both factors (F(4,40) = 0.99, ns).
Regarding the location of fixations, we initially investigated whether 
the heat maps for unfamiliar/familiar faces including all fixations dif-
fered. These heat maps were essentially identical as revealed by no 
resulting difference when the respective maps were compared.
Figure 5 illustrates the distribution of the gaze position for each 
individual fixation, for the first five fixations (which constituted 
99% of all fixations), as well as the differences between conditions 
for each fixation.
Across conditions the first fixation was almost always located 
within the area in between the eyes, as in previous studies (Hsiao 
and Cottrell, 2008; Orban de Xivry et al., 2008; Bindemann et al., 
2009; see also Cook, 1978; Luria and Strauss, 1978). The second 
fixation was consistently positioned between the eye located on 
the left side of the stimulus (Figure 5) and the bridge of the nose. 
From the third fixation on, the right eye and mouth region were 
fixated on to a greater extent.www.frontiersin.org  June 2010  | Volume 1  | Article 20  |  5
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Figure 3 | Distribution of the number of fixations required per trial for 
familiar/unfamiliar decisions.
Figure 4 | Accuracy as a function of number of fixations prior to 
recognition, separately for (A) familiar and (B) unfamiliar face stimuli. Dots 
represent individual participants’ average accuracy for a given number of 
fixations. As indicated by the regression line and confidence intervals, there was 
no significant correlation between individual accuracy and number of fixations, 
neither for familiar, nor unfamiliar faces presented.
Regarding differences in fixation locations between conditions, 
uncorrected independent comparisons (using the cluster test; see 
above) yielded no differences at the first fixation. From the second 
fixation on, with increasing effect size, familiarity-related differ-
ences emerged. Note that the lack of difference at the first fixation 
is an important prerequisite, as the first saccade was always oriented 
towards an average face derived from all face stimuli, and thus no 
differences were expected between familiar and unfamiliar face 
trials. Furthermore, participants were unable to respond before 
the first fixation.
Complementary analyses of fixation positions weighted by fixation 
duration were also conducted, as fixation durations are likely to be 
related to the amount of time used to process information. However, as 
both analyses rendered highly similar results, we chose to report only 
the more comprehensible results obtained for fixation locations.
To investigate the effects of stimulus repetition, we conducted 
further analyses which focused on the effect of presentation (first 
vs. second) on accuracy scores, RTs, fixation number and fixa-
tion duration, respectively. These analyses revealed that neither 
accuracy (Chi2(1) = 1.34, p = 0.25), nor number of fixations 
(t(10) = 0.82, p = 0.44) was influenced by stimulus repetition. 
Contrariwise, both RTs (t(10) = 9.23, p < 0.001) and fixation dura-
tions (t(10) = 5.37, p < 0.001) were shorter for the second, as com-
pared to the first stimulus presentation. We further explored this 
effect in order to determine whether it was driven e.g. by a general 
learning effect over the course of the experiment, or whether it 
was explained solely by stimulus repetition. A forward stepwise 
regression showed a significant effect of trial number (p < 0.001 
for both RT and fixation duration), but no additional effect of 
presentation (RTs: p = 31, fixation duration: p = 0.30). Therefore, 
the effect of stimulus presentation is completely accounted for 
by a general speeding up over the course of the experiment, most 
likely to reflect habituation with the task, and not caused by a bias 
due to stimulus repetition. Presentation-dependent comparisons 
between fixation locations across conditions were not conducted 
in light of the small number of participants and sample of stimuli 
per condition.
dIscussIon
The present study analyzed in detail the differences in scan patterns 
while participants performed familiarity decisions during presentation 
of unfamiliar and personally familiar faces. Our results confirm recent 
findings of centrally located initial fixations, positioned just below the 
eyes, on the top part of the nose (Cook, 1978; Luria and Strauss, 1978; 
Hsiao and Cottrell, 2008; Orban de Xivry et al., 2008; Bindemann 
et al., 2009; Sæther et al., 2009), and extend these findings to an old/
new recognition task with personally familiar faces. This position of 
the first fixation, in between features, may be ideal because it allows 
normal observers to encode all facial features simultaneously, as a sin-
gle representation – which is not the case in acquired prosopagnosia 
(Orban de Xivry et al., 2008; van Belle et al., 2010). Importantly, the 
initial fixation, directed towards the average face, did not fall on the 
geometric center of the face stimulus, which would be located below 
(tip of the nose), but rather on a slightly higher location. This fixation 
location may correspond to the center of mass (Hsiao and Cottrell, Frontiers in Psychology  |  Cognitive Science    June 2010  | Volume 1  | Article 20  |  6
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Long-term familiarity-related processing differences became 
apparent from the second fixation on, which was the first mean-
ingful one with respect to comparisons across conditions. With 
number of fixation, the amount of significantly differing clus-
ters increased, as did their respective effect sizes, with most pro-
nounced differences occurring at the latest possible fixation prior to 
response. Overall, the results suggest that the individual features of 
familiar faces are processed more (i.e., they receive more fixations 
overall) than those of unfamiliar ones, and that differences (albeit 
with smaller effect sizes) can arise relatively early, i.e. from the first 
meaningful fixation on.
The emergence of differential scan patterns at later stages of 
the sequence of fixations could be interpreted in the following 
way. Upon presentation of the average face a saccade is oriented 
towards the stimulus and its center of mass is fixated, followed by 
a general left side bias previously demonstrated for face stimuli. 
Although under normal circumstances familiarity decisions are 
not yet reached at this point, the visual system may have acquired 
sufficient information to decide whether a face had been previously 
seen, or not, if such a decision is required and the visual process-
ing is prematurely terminated (e.g. Hsiao and Cottrell, 2008). This 
reasoning can account for the emerging differences in fixation loca-
tions from this point onwards: all consecutive fixations prior to 
decision can be considered as reflecting the process of information 
accumulation, throughout which pre-decisional classification is 
systematically verified. For unfamiliar faces, fixations are positioned 
on a location which permits perception of the most salient facial 
region as a whole, namely between the eyes. For familiar faces, 
fixations are positioned on the actual diagnostic features (eyes and 
mouth), with fewer fixations on the center of mass. This pattern of 
fixation locations could serve to control whether the match between 
2008; Orban de Xivry et al., 2008) or center of gravity (Bindemann 
et al., 2009) of the face, i.e. a central position weighted by the amount 
of diagnostic information of the face. Presumably, this location is fix-
ated because there are higher contrast areas in the top part of the 
face (eye-eyebrow combination), usually containing more diagnostic 
information than in the lower part (Davies et al., 1977; Walker-Smith 
et al., 1977; Shepherd et al., 1981; Haig, 1985; Gosselin and Schyns, 
2001; Sekuler et al., 2004).
Independent of familiarity, the second fixation was located on 
the left side of the face, in between the eye and the nose. This sub-
sequent left eye (of the stimulus) bias (see also e.g. Mertens et al., 
1993; Butler et al., 2005; Leonards and Scott-Samuel, 2005; Everdell 
et al., 2007; Hsiao and Cottrell, 2008) is in agreement with the 
preference for the left side of the face stimulus (i.e. right side of the 
face) in face recognition tasks (Gilbert and Bakan, 1973; Gosselin 
and Schyns, 2001; Brady et al., 2005)2. All subsequent fixations were 
located predominantly on the eyes and to a lesser extent the space 
between the nose and the mouth region.
Figure 5 | Heat maps of individual fixations (organized across columns). 
Top, middle and bottom rows illustrate locations of fixations for familiar, 
unfamiliar, and familiar as compared to unfamiliar faces, respectively. Color 
scales represent the amount of fixations per location for each of the 
experimental conditions, or effect sizes of the differences in fixation locations for 
un-/familiar face stimuli.
2We would like to point out that here – given the nature of the sample tested – 
we were not able to address the question of potential gender differences in scan 
patterns of personally un-/familiar faces (only 3 males were available for testing). 
While some authors have reported gender differences in fixations during viewing 
of static emotional facial expressions (Vassallo et al., 2009), others found sex diffe-
rences to emerge only when gender was task relevant (Armann and Bülthoff, 2009). 
In numerous studies gender differences are neglected (and even the sex of partici-
pants is not reported, e.g. Williams and Henderson, 2007) despite results indicating 
behavioral differences in face processing between male and female viewers (e.g. 
Rehnman and Herlitz, 2007). Further research is thus required to address this issue 
of gender-dependent familiarity-related processing differences. More generally, be-
cause of the original size of the targeted population (classmates), the sample tested 
was relatively small. Thus, replication of the findings reported here with larger sam-
ples in future studies would be desirable.www.frontiersin.org  June 2010  | Volume 1  | Article 20  |  7
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